Animal activities, such as foraging and reproduction, are constrained by decisions about how to allocate energy and time efficiently. Overall, male moths invest less in reproduction than females, but they are thought to engage in a scramble competition for access to females that advertise readiness to mate by releasing sexual pheromones. However, before male moths can follow the pheromone, they often need to heat their flight muscles by shivering to produce sufficient power for sustained flight. Here, we show that Helicoverpa zea males that sense the female pheromone at high ambient temperatures take off with higher thoracic temperature, shiver for less time and warm up faster than males tested at lower ambient temperatures. These higher take-off temperatures translate into higher airspeeds, underscoring the importance of thoracic temperature for flight performance. Furthermore, shorter combined duration for warm-up and pheromone-mediated optomotor anemotaxis is consistent with the idea that males engage in scramble competition for access to females in nature. Our results strongly suggest that male moths minimize the time between perceiving the female's pheromone signal and arriving at the source by optimizing thermoregulatory behaviour and temperature-dependent flight performance in accordance with ambient temperature conditions. Our finding that moths engage in a trade-off between rapid flight initiation and suboptimal flight performance suggests a sensorimotor control mechanism that involves a complex interaction with the thermal environment.
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Every organism must take into account the efficient allocation of energy and time as it engages in fundamental activities such as foraging and reproduction. The study of how organisms maximize their use of energy and time provides insight into their ability to adapt to a changing environment (Pianka, 1994) . Animals search for appropriate sources of food/water, mates and oviposition sites for growth and reproduction (Bell, 1991) . However, such searching behaviour has costs that animals must balance with the potential benefits gained from the resource. Costs include energy expended on movement itself, time taken away from other activities and risk of predation while searching (Bell, 1991) . Furthermore, whether searching for food or mates, animals face the general problem of optimizing their searching strategies to outcompete conspecific competitors for the same resource. Optimal food foraging and food resource utilization have been shown repeatedly across taxa (e.g. Heineman, Springman, & Bull, 2008; Jensen et al., 2012; Mukherjee, Zelcer, & Kotler, 2009 ). However, optimization in mate-finding strategies has been difficult to quantify. Here we investigate factors that influence the optimization of mate localization in male moths.
The attraction of male moths to female pheromones is a wellestablished model for long-distance sexual communication (Mafra-Neto & Card e, 1994; Vetter & Baker, 1984; Vickers, Christensen, Mustaparta, & Baker, 1991; Willis & Arbas, 1991) . During pheromone-mediated upwind flight, male moths are considered to be scrambling for females and, thus, bear the major costs of finding a mate (i.e. energy expenditure and risk; Greenfield, 1981; Thornhill & Alcock, 1983) . Scramble competition occurs when a finite resource that is shared between competitors, such as a sexually receptive female, is reduced with increasing population density. This type of intraspecific competition selects for phenotypic traits such as enhanced sensitivity to sex pheromone detection (e.g. seen in sexually dimorphic antennae; Kaissling, 2009) and better searching and wind-tracking abilities (Vickers, Christensen, Baker, & Hildebrand, 2001; Wyatt, 2003) , which favour early arrival at a calling female (Lloyd, 1979; Wyatt, 2003) . Furthermore, female receptivity and sex pheromone production rapidly decrease after mating (Barth, 1968; Gillot & Friedel, 1977; Raina, Klun, & Stadelbacher, 1986; Webster & Card e, 1984) as oviposition behaviours are initiated (Raina & Stadelbacher, 1990) . Males arriving first are likely to mate with a female, and thus, early arrival is critical for
